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This Report was written in consequence of a com- 
munication from Henry Booth, Esq. Treasurer of 
the Liverpool and Manchester Railway Company, 
contained in a letter dated 18th November, 1828, 
from which the following is an extract. 



" The time is arrived when the Directors deem it 
'* necessary to decide on the kind of moving power 
** to be adopted on the Liverpool and Manchester 
*' Railway. Expecting, as they do, a very large 
'* traffic, perhaps to the extent of 2 or 3,000 tons 
** per day, to be carried along the line, they have 
*^ had little hesitation in determining that some 
** more efficient power than horses must be used ; 
^^ but being aware that on the Railways in the North 
" both Fixed Engines and Loco-motive Engines are 
" employed, and that their respective merits and 
'* capabilities are variously estimated, they are 
'' anxious to obtain the most correct information on 
yf^' " the subject ; and with that view have determined 



'' to rer|i)e8t th« combined professional assistaoce 
'' of a Civil Engineer and of an experienced maker 
** of Steam Ens^ines; and I haye accordinsrW been 
** instracted to write to yon and to Mr. Rastrick of 
" Stourbridge, and to convey to you the request of 
** the Directors that yoa will undertake, on behalf 
** of this Company, a journey to Darlington and the 
'^ neighbourhood of Newcastle, to inspect the dif- 
*^ ferent Rail ways in those districts, and to ascertain, 
'^ by a thorough investigation into the power of the 
** Engines, the cost of working them, and their 
*' actual performance, the comparative merits of the 
** two descriptions of moving power/* 



At a meeting of the Directors at Liverpool, on 
12th January, 1829, the following instructions were 
also delivered : — 



'* Mr. Walker and Mr. Rastrick are requested, in 
the first place,, to ascertain the comparative expense 
of conveying Goods on a Railway by Loco-motive 
Engines and by Fixed Engines. 

** But, in addition to tliis primary object, there are 
other and very important considerations to be at- 
tended to. 

** The state and condition of the Road where the 
different systems are in use, deserves particular re > 
gard; and especially how far any injury which 





may be done by the Loco-motive to other Roads, is 


likely to occur to the Liverpool and Manchester. 


" The wear and tear of waggons is another 


point. The cost of repairs under this head, on 


the Darlington Railway, has heeii very great — 


partly, it is said, owing to the Loco-motive Engine. 


If this he correct, it is important to ascertain 


whether the evil admits of a remedy. 


" The quantity of traffic for which it will be ex- 


pedient to provide the power of conveyance may he 


estimated as follows : — 


From Liverpool or towards 
aiancke,ter. 


From Manckestei- or toviarilt 


iboo tons of goods and' ""■"■ 
nierehauUize, exclusive 
of WBggoMs, from Liver. 

pool to MaiiclieGter 1500 

500 tons cattle, sheep. 

pig8,&r, that i». the. 'at- 

tle will occupy the room 

of 500 tons of goods, aud 

the differein;e in actual 

weight will not be great 750 

Th<> large guantilg ma^ 

not occnrmore than tico 

or three rfoy* in tlu 

«.«*, .(,7/ .( «.»*! b<: 

prodded for, at the 

couvega'ice of cattle 

cami'ol he delayed. 

100 tons of coals, a diatanie 

of 12 to 15 miles, say from 

Keiivou to Marichestpr 600 

800 empty coal waggons, a 

distance of 8 to BO miles, 

say from Liverpool to 

Wliiston, HainhiH and 

Newton 800 


500 tons of goods, lime, """• 

Blone, 8(C. exclusive of 1 

WHirtPOIlS - . ....... 750 


300 empty wagcoDs or 

stages, which will have J 

brought cotton or otlier 

goods at 15 cwt. each, say 850 
200 empty coal waggons, a 

distance ofl2 to 15 mites, 

say from Manchester to 

Kenyon 200 


1600 tons of coals, a dis. 
tance of 8 to SO miles, 
sav from Newton or 
Whislon to Liverpool.. 8400 

250 empty cattle carriages 250 

cupyirig about 35 car- 
riages lOO 


Gross weight tow^inls 
Liverpool ....Ions 305(1 


SOO passe n Iters from Liver- 
pool to hluiichester, oc. 
tmpyiiig abont 35 car- 
riages ." 100 




Gross weifcht towards 

Manchester tons ZTM 


g| 


^= 
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'' The Directors are unanimously of opinion, that it 
is essential to the interests of the concern that the 
public should be accommodated in every respect, 
in the best possible manner, so as to leave no room 
for complaint or dissatisfaction, not only in the 
direct conveyance from Liverpool to Manchester, 
but also in taking up and delivering goods or pas- 
sengers on different parts of the line. 

" With reference to the Loco-motive Engine, it will 
be important to ascertain at what speed it can travel 
with safety, and with a given pressure of steam, 
having regard to the economy of fuel^ an item of 
expenditure which on either systein must unavoid- 
ably be so large. 

*' If Fixed Engines are to be used, can effectual 
accommodation be afforded to the public, in the 
way of convenient access to the Railway, for taking 
up or setting down, branching into, or out of the 
line, at different parts of the way ? 

** The comparative safety ^ also, of the two modes, 
is a point on which the fullest information, and most 
correct opinion are to be desired. 

*' Taking into accounts all the circumstances, both 
as respects goods and passengers^ on the above 
scale, the goods requiring punctuality of convey- 
ance, and the passengers requiring safety and expe- 
dition, can both goods and passengers be conveyed 
on the two lines of Road at present provided ; and 
if so, by which system of conveyance can the de- 
sired object be best attained ? 

" It will appear by the section that there are 
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three inclined planes between Liverpool and Man- 
chester, viz. 

One in the Tunnel, 

One at Rainhill, 

One at Sutton. 
The two former ascending^ and the latter descending 
towards Manchester ; the plane in the Tunnel is 
1,970 yards in length, having an inclination of 1 in 
48; the other two, li mile long each, being in- 
clined in the ratio of 1 in 96. 

" The opinion of Mr. Walker and Mr. Kastrick is 
requested as to the power of the Engines to be em- 
ployed at these planes, and as to the best scheme of 
working them, so as to aflford the greatest facility for 
the transit of the large traffic which must pass over 
them." 



To the Directors of the Livet-pooi and Manchester 
Railway Company. 



Gentlemen, 



The general question submitted for 
Mr. Rastrick's and Diy consideration may be shortly stated 
in these words : 

" What, under all circumstances, is the best description 
" of moving power to be employed upon the Liverpool and 
" Manchester Railwaj/ ?" 

The comparative advantages of the different kinds of 
power applicable to Rail-roads generally is at the present 
time a very interesting question, the difficulty and im- 
portance of which, as a matter of science, are much in- 
creased by the magnitude of your concern, and by the 
various considerations necessary to be embraced and 
balanced previously to arriving at any decision that 
would be useful to you, or consistent with the confidence 
you have placed in us. 

The paper that was handed to us when we attended 
your meeting at Liverpool, has proved to us that you are 
fully aware of the points to which I refer, I have en- 
deavoured to view them without prejudice, being assured 
that as a short time must show the true merits of the 
various modes of conveyance as applicable to your case 
and to others, 1 should, as a professional man, but ill dia- 
charee my duty to you, or consult my own iuterest, by 



itmirv*^ -vnirh. "run 'tie war jubrmanoii L asFe !kbb. 
rn milf*^. .r ▼oiLUi le uirainaeefiiift ±r wa tD AILhv. 
f .nav .i«>n> li^n ~aiie jea^e ~ci «7 if Ifir. BaMniHi 
<v#>r7 *hine mnnp^efi ir:cii iiir Jiqiiir7. 3Biit tbs 
4iniM "^re la?'? vrrr^ia ir. I iavv* feen sodniiip life 
-fir^ jir ir \&inx my laracoiar ^vecan. aewami 
^rntie rVvn ha niauta •miisiiiaii "m tlie swaoB jc 




Ar^/vMt.^f ft .nay te jnper qi rr»« Jio. in a. 
i4rmv. ,{yi2^ ^^ ^jii. -yrfugJMHnn^ t:3ac yaa any know 

tune has hisea oecuoieiL 



On die ir^tii Jaaaary I arrrved a£ ScDurtn^c,. 
I vaa joiaeii ly 3>Er. Saaizick; amacber 
grM^ zhetft hein^ ca iee a locoHiuicrre 
fer America. vUdt bos jnsc beat cq iflgtagj by 
iMme itnproveiiieiifa siui aliisatioiB I bod boC 

Oa tiui L3c& Jaanarr. cbe dar after 
aieetin^ and receired yo«r particalar 
pri^ci^eded wrtk >[r. Sccpheasoa aloae tke lue of y 
Bail way. auid oa eke I4ck anired at SiaaclKsicr. I tUak 
jc aaaeeesAary to uccapi yovtr tne by aay report on tke 
^o^^ms of your $reat work, whick msst be well kaown 
to yoti, fortber than by remarking, tkat tke works appear 
to be done ip a rery substantial Banner, and tkat as 
T^speetM the atrengtb of tke rails, tke dae of tkeir sup- 
porii, and the great pains taken in ike cuttings and mi- 
bankments to reduce tke inequalities of level, tke Larer- 
pool and Manchester Railway is Tery superior indeed to 
any thing; of tke kind tkat kas yet been done. 

On tke 15ik Mr. Stepkenson accompanied us to tke 
Bolton Railway, lately executed under kis direction* 
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^principal object of our survey there was a loco-motive 
Engine made by him upon wbat he considers Ihe best 
principle of any he has yet constructed, and the report we 
have since received from Mr. Sinclair, clerk to the com- 
pany, to which I shall afterwards have occasion to refer, 
proves the great power which the Engine is capable of 
exerting. 

On the 16th we arrived at Leeds, Mr. Stephenson 
having previously left us. Here we examined Mr. Blen- 
kinsop's Engine upon the Middleton Kail-road. Wo saw 
it make a journey with 38 waggons, each containing 45 
cwt. of coals, which, considering the small size of the 
Engine, exceeded our expectations, as we were told that 
a part of the way is level. We therefore requested Mr, 
Blenkinsop to furnish us with further particulars of ex- 
pense and performance, which he has kindly and gra- 
tuitously done, and has allowed an exact measurement 
and section of the way to be taken for our use. 

The 17th, IStb, 19th and 20tL January we passed at 
Darlington, and upon the Stockton and Darlington Rail- 
way. Here was the largest field for observation we had 
yet seen, there being several loco-motive Engines of dif- 
ferent forms and power ; horses also are employed upon 
the same part of the line. Towards the upper end of it 
there are two inclined planes with stationary Engines. 
We had therefore the opportunity of seeing various modes 
of working, and of collecting information, which was 
liberally given to us, and which was the more to be 
valued, as neither the very active and intelligent Direc- 
tors whom we saw nor their Agents appeared to have 
any object in view, but to advance the prosperity and use- 
fulness of their concern, and to extend the results of their 
experience for the information of others. 

On the 2Ist we proceeded to Sunderland, and on this 
and the following day we examined the line of the Helton 
Railway, upon the lower part of which the work was^ 



^KUI *iiU)it« » fl^« >r«rs JtMio by locu-inulive, but isaav 
yiiH^kwillnHt k> M«lhUMr> Kn^iuca upon the reciprocal^ 
|M4HV^«W ; iW mitM^ |i*it ts a icrirs of inclined planes 
ihWittssI t>\ i.um\K*r> Knjiines, and upon the mile aad 
twtl' t^s'Mi'val ilt\' y\\%-s tk«> Ux^OAoUve power is atill used. 
}f\vm tlt«' J(lNW\-«l AfMiH Hpiin this Colliery, we n- 
WtXVit ^i^^ '^^■^^J «r\«^ luststanop tliey could afford 
Wit Mt\ Wt^sH^k tW t>«W)VKii>*« ca&hior, has, at our re- 
ttHV«t\ gt^Mt H* (W^Wmt AMkits itnd besides taking an 
ftW«M*V> w*U*« *M|' *k* mWiic T\M»d caLpressly for our use, 
tM« tVtMt«V«'^ ^ V<^lt> «M *c\'A>ilHt ot' every particular of 
VNiWWS *»^ • '*rt«0«fs» aUtviiMHit «f Ibe varioua powers 

V^«^w HvtUsM ni> (u^H<Hf<v<4ir>4 «w tW evening of the S3d 
\\\ N\>WVA»0*S *«^ »* w*wiwii^ i« tkul neighbourhood 
HHtll tks'' V^h. ^Vwk tkM^ 4CM ttU tW ^th inclusive, we 
ti^vtV VMt^tt^^t'^ tH »u«tm<w^ ttw i^KM^rvations of the past 
WW*K, «tt»t t« wwUm* « rtk Mis TWtt>jw»«. the Patentee of 
tKw iwmu«**t»m «>«l¥W ^ ftx«-<l KaijpiiHs, 9nd with Mr. 
Wt^>(l, iKc wiitM<V|lV4~ «\l' (kw> KtUuitjt««rtk Collieries and 
«>Mh«(( vsf (tt\> M%>tUKw>tMM lir«*tW «ttMM Rul-road3, both 
«f tth«*W W»>»v »tU|«»nw» I** RMWiM-d tb* oJy«ct of our io- 
t)U(l'> t Mi\ 't'httm)VMVM tM^ti^ «W> Allownl us to extract 
h'lilti hU |>i-t\Hti> >t«u>K Ihv iWtttils ivf i-xiH'luv nod of work 
ilmii' tijDit) (ti)< llniitdMi Mtid ShicUls K»klw«>, with much 
Miltiiilili' iti'HOHll ililWiiwliou tin the subject. Thus, 
iiIHioiihIi thnfhil (tr»ni>» prr\w»twlour |rc""«S«"» "n**! 
111,. tflMi. wHitlm.' wuHtVilly »nd I Irust usff»II> employed. 
Th)' wtudv of llto »7(U Wtts occupiwl upon the suney of 
llif UniiilDii iind Sliti'ltt* lloiid, which was constructed by 
Mr. ThoilipHou upon hi* pulcut pinn. The merits of the 
({cnei-ul prim-iplo 1 Nhull of courmc have occasion to discuss 
hereafter, but with regard to neatness of execution, 
despatch, and inelliudicnl system and arrangement, there 
is not, I believe, any road at preseut in use to be com- 
pared to this. 



The surveys and experimenta at Kiliingworth, in which 
we were assisted by Mr. Wood, occupied the whole of the 
»8th, and on the g9th we leiY Newcastle. 

It is but justice to say, that in every quarter where we 
applied information has been most liberally afforded us, 
and in some cases before the parlies knew who we were or 
to what our inquiry tended. The Directors, Proprietors, 
and Agents upon all the Rail-roads which we have 
visited, have received us courteously, and not only al- 
lowed us to inspect their works, but have prepared and 
furnished us such documents and abstracts as we re- 
quired: and what is more remarkable, we found but little 
of that prejudice and strong feeling in favour of one 
system, which leads to a display of the favourable fea- 
tures and a concealment of the disadvantages on the one 
side, with a corresponding partial view of the other. 

From the time of my return home I have given my 
almost undivided attention to the subject, in drawing re- 
sults from our experiments and from the information 
received while upon the survey. 

Having made our separate calculations, Mr. Kastrick 
and myself met at Oxford on the 20th February, and re- 
mained there until the S4th, when we came to general 
conclusions, in which it was satisfactory to find that there 
was little or no difference of opinion: — had the time al- 
lowed we should either have remained together or met 
again, and I doubt not have signed the same Report; but 
knowing from you the importance of not longer delaying 
the delivery of our decision, we thought it better that each 
should at once transmit to you his opinion in his own 
words; and if there be any difference in the items of ex- 
pense, it is to be ascribed to the consideration we have 
separately given the question since we separated :— 1 be- 
lieve that such difference will be found but trifling. 



I 



sr- 



^Mir iMlruclicwM 4t>tr " T%e comparalic€ exfMi<*i .; 
CWHoyMf f*Mb I9«M a Raihray by loco-mtotitv amd by/utd 
AifriM^" M iW prioMn object of inquirr. 

1 tkmXl thmvtoTr firat consider this subject: — but pre- 
ri«utl> 1(1 ft^iing into dcl>il, it ukv be proper to stale thtl 
(Viimn (ht« xrv RbsolntelT nrccssarY to rom a basis for 
iWc ctmiparmia. K tkc <)aaiitily of ^^oods be small or 
ti»crrtftiB, it would rMjuit* w> ralrulation to detcraiiie 
IImI tlw kico>«Mktnv SYsMw u the dieaper, becaasr b^ il 
JPMI iafmue the famtr b; a* increase of ibe oomber of 
|f«q^iic«« «mI €•• lbcf»<brg always proportion tbe pown- 
tti tbe dew> » 4, wbile upas tW alatioBary srstem it is m- 
c«<jt>«r> first lo ftf* a* e at iwftt* of th» probable trade, 
•ikd tb<« M WKv to eslahtisli a line of Endues, Regies, 
j^ |k«M««id tomd, tbal jlwll be cotaplete and fsllT eqaal 
ta> it. TWvo to iberefxirv- ia tbe locoHBotire systna a« 
mKwMi^ iia tbc» rrs^ert, tbat tbe oatlav of capital Mn 
«t (b» i«st be Mwcb k»s tbaa bi tbe otbn $?^eak 

Ywa ba>» ■;»«« iw a«Kc i wn nfimntka to eai^ ^ ia 
Ibe v«%eiM «f p*<*er lo be ptovUei 

TW p^ffT^y^ibt fVi ai liT » tp oa l arfaarird-M ia rW 'i 

MrwsMM^al ^raOtan, 

A»< » Mi l lwfclii>M ■■ f ti^Li ruf a al 3BSD „ 

l«tWftawrMBhcrM««BOtaw«rcoal>a^flO«ta«i 
Ol' m^ oa a fto » Kwg— to Ma a i h m l pr, ttMg afari r fcaJf 
Ik* kt««tb or tW Ibe al tba MHdMlar «^ a^ 900 tons 
ofMifM; w a g y a fc frOM Lnvrpoal to WbMtes,1tainbiII 
mA K««toas. a««tas«¥ aboat balf tbe wbole length at 
Mw Li««cp«al «mL la tbe trade towanfe Liverpool urv 
ia«MMI90Olaaa«feaiptT wafjoM froM Manchester to 
Kaaqwij.— J 9HB *■■» of c««l> bb^ eoal-vafgom from 
NvmMH ar Wli*B« to Lrrerpeel. 






This trade is equal to about 2000 tons of goods, or 3000 
tons gross, moved in each direction between Liverpool 
and Manchester daily, which quantity we have therefore 
taken for the basis of our calculations. 

Excepting at Rainhill and Sutton, and at the Liverpool 
Tunnel, no part of the line rises more than 1 in 800, and 
as the quantities conveyed in each direction are nearly 
equal, the assistance received from gravity in the one di- 
rection is equal to the retardation caused by it in the 
other; we have therefore considered the whole line (with 
the two exceptions stated) as horizontal. 

As the stationary system must be adopted in the Liver- 
pool Tunnel, whatever may be done in the other parl^ of 
the line, we have entirely excluded it in forming the com- 
parative estimate. 
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I shall now proceed with the Loco-motive Estimate. Loco-mo- 

liveEsti- 

We assumed the convenient power of each Engine to jjumber 
be 10 horses, including the power necessary to propel ^n*i,l'eg"'^ , 
itself and its tender. The diameter of the wheels we took 
at 5 feet, and the strength of the steam in the boiler at 
from 40 to 50 lbs. per square inch. 

The gross weight of this Engine, with its tender and 
water, we find to be 10^ tons. 

While the Engine is in motion we suppose that its ve- 
locity should be 10 miles per hour, to enable it to average 
9 miles between the two extreme points; and when the 
speed of coaches upon the roads is considered, we appre- 
hend that the rate ought not to be less. 

An Engine of the above description will be found, by 
referring to note A, to take 19| tons gross at 10 miles per 
hour, or 13 tons of goods and 6{ tons of waggons, and its 
expense we estimate as follows : — 



I. 

i 



fine Efl!ria«iiiil r.ortr. £350 

Rut t-i liaf e j(r« Eosines alwavs ia rc^ttir jtv 

will her B#»r.e9Har7. or tk captal ra|i 

to provide aa Ett^iAe always 

work will be 1 7 of one 

fore.of£S30 ll« 

Toe«<ker fiSO 

For a tender, tank. &c. £50, aad f of 50, 
beini^ 60 

MakjDi; the whole cost of owe Ewgiwe at 
work JE790 



Now the arenM^e durability of tlie Ewgiwe, whtm the 
work is considered, may be taken at 90 ycnny <Mr at 18{ 
yean porchaae. 
The annual charge for capital is 

therefore £57 12 

Le$» £60 reeeiirable for the old ma- 
teriabi at the end of 20 years, 
which 15 in present money eqoal to. 1 16 



Lving annual cost 55 16 

Add for estimated annual repairs, as per 

noteB 107 8 

And for waives, coal, and other working ex- 
penses, as detailed in notes C. and D 201 4 

Making the annual cost of each Engine work- 

ing312days £367 4 4 



Wf: have now to ascertain the number of Engines that 
Will be rerjuired. 

W#; calculate that each Engine may work, exclusive of 
stoppages, from 9 to 10 hours per day, at 10 miles per . 
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hour, or it will make three Journeys daily between Liver- 
pool and Manchester, taking; with it 13 tons of goods, 
which is the same as 1170 tons conveyed one mile. 

The daily traffic being taken at 4000 tons conveyed 30 
miles, or 120,000 tons conveyed one mile, will, according 
to this, require 102 Engines constantly at work. 

Our first great item of expense is therefore 102 Engines 
at £.367. 43. 4d., amounting to £37,456. gs. 

But in this we have allowed nothing for the additional Rainhiii 
power required at Rainhill and Sutton, the i 
is 1 in 96. Our idea was that an additional Engine might 
be employed to assist the others at these planes, but a little 
consideration showed us our mistake. I am unwilling to 
confuse my report by introducing calculations into the 
context ; but as it may be important that this point be well 
understood, I will state the principle in a familiar way. 
Our calculation of friction upon a level is y^j of the weight 
moved; but the rise of Rainhill and Sutton being ^'j, the 
resistance of gravity is nearly double that by friction. 
Accurately it is thus: — 

2240 Iba. divided by 180 gives for friction of 

Iton 12.441bs. 

9240 lbs. divided by 96 gives for gravity of 

1 ton on rising 1 in 96 23.33 lbs. 



The whole resistance to 1 ton on Rainhill is therefore 35.771bs. 
or say 35| lbs. 

And the resistance to 10^ tons, the weight of Engine, 
&c. is375y«jlbs. 

But the power of the Engine at 10 miles being (by Note 
A.) 373 lbs., it is evident that an Engine will just move 
its own weight up the hill at 10 miles per hour, and con- 
sequently an additional number of Engines could do no 
good, as the weight of each would be its load. Either 
therefore the power of the Engine must be increased, or 
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the speed diminished, or some other plan be devised for 
the planes. 

The objection to increasing the power is, that it would 
be forcing the Engine beyond its regular work, which it is 
desirable to avoid to so great an extent, for it would re- 
quire two Engines, each 18 horses' power (see note E.)y 
to raise themselves and 19 tons of goods up Rainhill at 10 
miles per hour. Whatever may be done for a short length, 
or for an experiment intended to show what an Engine 
can do, I think it impossible to recommend such a system 
upon a road which is to unite the various advantages you 
state. 

If again we reduce the speed, say to 5 miles per hour, we 
shall have half the Engine's power applicable to goods 
and carriages, the other half being required for its own 
weight and friction. (See note F.) 

In this way, if we suppose the Engine, with 20 tons of 
goods and waggons, to arrive at the bottom of the planes 
from Liverpool or Manchester at the rate of 10 miles per 
hour, it will require another Engine of the same power 
to go up the plane at 5 miles per hour, and will occupy 
18 minutes in ascending. Or, if 8 miles per hour be the 
standard of travelling, the Engine would then take S7 
tons of goods and waggons upon the level (see note G), 
would require the assistance of another Engine of the 
same power to ascend the hill, with a speed of 4| miles 
per hour (Note G 2), and would occupy SO minutes in as- 
cending. 

It would consequently be doing an injury to the loco- 
motive system to apply it to this work, for which it is evi- 
dently unfit. However good it may be in itself, it has its 
limits, and an ascent of 1 in 96 is beyond them, where the 
length and requisite speed are so great. 

We therefore had recourse to the stationary system as 
the assisting power to the loco-motives upon the planes, 
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and found that it would be neeeflsary to have two Engines 
of 50 horses at each end of Rainhill to do the required 
work, and that the loco-qoti ve Engines also should aceom- 
pany their load up the hill to assist in taking down the 
rope, whieh we found the empty waggons alone could not 
do with the necessary speed. To g^ve 9 miles clear per 
hour, the speed of the waggons while in motion upon the 
planes will require to be 13 miles per hour. The If 
mile, that is, the length of the plane, will therefore 

take 7| minutes, 

and the stoppage for changing, See Sf minutes, 

making 10 minutes, 

or six journeys per hour, or if ten working hours, s^ 60 
journeys per day; and 9000 tons being to be passed in each 
direction daily, the load for each journey will be 50 tons, 
goods and waggons, or say 5S tons, which will require the 
power stated. (See note H.) 

We have now therefore to add the annual cost of the Loco-mo- 

tivo Ra ti, 

fixed Engines to the sum already stated for the loco-mo- mate. 

tives, viz. to £37,456 2 

The expense of stationary Engines, with Annual 

• . ^. • Expense 

ropes, &c. as detailed in Note I. is per 

annum 5,013 6 

Crossing upon levelof way £120, of which 
the interest is 6 

And for annual expenses of water-sta- 
tions, as detailed in note K 923 10 

Duplicates of Engines £400 

Duplicates of ropes, 18 tons 
17 cwt. 16 lbs. at £51 961 14 3 

Signals 100 

£1461 14 S 



Carried forward £43,397 18 
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Brought forward £43,S97 18 
This sum (£1461. 14s. 3d.) considered as 
a necessary additional capital for arti- 
cles, of which the deterioration is al- 
ready accounted for, makes at 5 per cent. 73 2 

The interest of capital and annual ex- 
penses of the loco-motive system is 
therefore £43,471 

This sum is exclusive ot the expense of working the 
Liverpool Tunnel, which (as was premised) is supposed 
not to be affected by the plan that may be thought most 
desiAble upon the line generally, and exclusive also of 
the wear of rails by the Engines travelling upon thein. 

To reduce this to a rate per ton per mile, we have 4000 
tons moved 30 miles per day for 31S'days, or 37,440,(X)0 
tons moved one mile for £43,471, which is at the rate of 
•S787, or about /j- of a penny per ton per mile. 



Capital re- As the amount of capital necessary under each system is 

also a proper subject for consideration, I shall, before 

proceeding to the stationary, state the sum requisite upon 

the loco-motive plan : — 

It comprises 133 Engines & tenders,at £600, £73,800 6 

Engines for Rainhill & Sutton (see note I.) 9,190 

Duplicates for same and machinery, as above 400 

Ropes for Rainhill, deducting old (see 

notel.) 792 00 

Duplicate, ropes, as above • 961 14 3 

Cost of iron crossings 120 

Signals for Rainhill and Sutton 100 

Ten water-stations at £560, (see note K.). 5,600 

So that the requisite capital is. • • .£90,963 14 3 



The expense of the stationary system comes next to be siaiionary 
, Kslimale. 

estimated. 

Preparatory to this we considered the space between Number 
the Liverpool Tunnel and the foot of Rainhill plane, Engiuci. 
about G miles in leng;th, to be divided into 4 spaces, each 
1| mile long; the ascending and descending planes each 
to form one stage; the 3 miles level upon Rainhill two 
stages, and the 19 miles, from the foot of the plane to 
Manchester, to be divided into 12 stages of 1| mile each, 
and one stage of one mile nearest to Manchester. The 
speed of the waggons, while in motion, we supposed 12 
miles per hour; consequently the l| mile stages would be 
performed in 7^ minutes, and if S^ minutes be allowed for 
stoppages and changing ropes, the rate from one extre- 
mity of the line to the other would be 9 miles per hour, 
which, when allowance is made for taking water, coals, 
&c., is about the clear rate at which we have estimated 
the loco-motive Engines. We have supposed the recipro- 
cating plan upon the principle of the Bruoton and Shields 
way to be adopted, and that the weight of the goods and 
waggons forming the train is 52 tons, as we before calcu- 
lated for the inclined planes. 

The power to be applied to move this weight upon the 
level will be 26 horses in each direction; — this we calcu- 
lated at 30 horses, making thus two SO-horse Engines at 
each end of the mile and half stages. (See note L.) 

The calculation upon the loco-motive system showed 
that two 50-horse Engines at each end were sufficient to 
work the Rainhill and Sutton inclined planes; but as the 
Engines will now, in addition, have to draw the waggons 
towards them for a mile upon the level, an.increase of 10 
horses' power has been made to each Engine, making two 
60-horse Engines to each station. 



An additional power of 90 hones to the Engines at the 
head of the Liverpool Tunnel also is applied to draw the 
waggons towards it, and two 13-horse Engines are calcu- 
lated for the Manchester end, the work of both extremes 
being in one direction only. 

From the descent of the Rainhill planes, and the two 
stages upon the hill being only one mile long, two En- 
gines of 80 horses each are sufficient in these situations. 
The estimate of the two 12-horse Engines 

at the Manchester end is (per note M.) £1785 
Fifteen stations with two SO-horse Engines 

at each, at £S500 (per note N.) 58,500 

Upon Rainhill and at the foot of the 
planes, three stations each with two 80- 

horse Engines, at £8710 (per note O.) • 8130 
At the top of the two planes two 60-horse 

Engines to each (per note P.) 10,000 

At the top of the Liverpool Tunnel SO 

horses additional power 8000 

Amounting to 74,355 

Pullies for two lines, each 89i miles long 
8 yards distant. No. 13,090 at 15s. in- 
cluding fittings 9817 10 

Extras to foundations of Engines and En- 
gine-houses in Chat Moss 3000 

Making capital for Engines .£87,178 10 



Stationary 
Estimate. 

Annual 
Expense. 



Interest at 5 per cent, and depreciation 

at If per cent, on capital of Engines 

and Buildings as estimated, or 6| per 

cent, in all upon £87,172. lOs £5,666 4 3 

Repairs, Coals, and working expenses 

(seenoteQ.) 11,257 15 8 

Carried forward £16,983 19 11 
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Brought forward £16,923 19 

Rope at yjT of* penny perton per mile, 
upon 4,000 tons conveyed 27 miles per 
day, for 312 days 11,232 

Ropes for Rainhill and Sutton inclines 
(same as upon loco-motive system, de- 
tailed in note I.) 3,315 12 

Rope for tail-rope on Rainkill and Sut- 
ton planes, at tJii of a penny per ton per 
mile, upon 400 tons conveyed 3 miles 
per day, for 312 days 312 

Spare rope — interest upon value (see 

noteR.) 219 15 

Sundry other expenses and charges as 

detailed in note S 1,291 4 6 

Making the total of working the station- 

aryEngines,with interest upon capital. £33,294 II 5 

This sum divided by the number of tons, as in the loco- 
motive system, makes the rate per ton per mile .2134 of 
a penny, 



The capital employed in this case will be as follows :■ 

Engines as above £87,172 10 

Duplicates for same (see note S.) ...... 1,354 O 

Ropes £4,395 (see note R.) and £792 (see 

notel.) 5,187 

Cast-iron crossings 300 

Store ropes £5,336. IQs. 8d. (see note R.) 

and £961. 14s. 3d. (per loco-motive 

estimate above) 6,298 11 

Signals 550 

Making total comparative capital £100,862 1 



i 
f 

CtpiUl 
reqniiit 
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Compftii- To bring the whole under one view, I shall hero state 
mates. the resnlts together. 

The capital necessary for the various 
articles stated for the loco-motive 
systemis £90,963 14 S 

And for the stationary 100,868 1 

Difference in favour of the loco-motive 
plan £9,896 6 9 



The interest of capital and annual ex- 
pense of the loco-motive system is • • £43,471 
And of the stationary 33,894 11 5 

Leaving a difference iii fiivour of the 
stationary plan of £10,176 8 7 



The rate per ton per mile upon the lo- 
co-motive principle is .8787 of a penny. 

And upon the stationary plan •••••• .2134 of a penny. 

Making an excess of expense per ton 

per mile of 0653of a penny, 

by the loco-motive system, or the comparison of annual ex- 
penses is nearly as 7 to 9 in favour of the stationary system. 



It is proper here to observe, that as the object of our 
labours was chiefly a comparative estimate, we have not 
included any general superintendence or contingent ex- 
penses, as these are supposed to be equal upon both prin- 
ciples ; nor have I thought it necessary to calculate for 
the greater trade at the Liverpool end requiring a greater 
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power of stationary Engines than that at the Manchester 
end, as this does not affect the aggregate expense. The 
allotment of power would have made the reports still 
more complex, and although this will be an important 
consideration previously to resolving on the power of 
each particular Engine, the average appeared sufficient 
for our present purpose. 



Having thus brought the question of expense to a point, Opini 
I can readily anticipate a difference of opinion as to the suit. 
correctness of the result from those who may have pre- 
viously arrived at different conclusions, and may there- 
fore have been led to prefer the one system as being much 
cheaper than the other. 

The principal points of difference are likely to be :— 

First — As to the quantity of work which the loco- 
motives are capable of performing-. 

Second — As to their consumption of fuel. 

Third — As to the repairs they may require. 

Fourth — As to the friction of the ropes used in the sta- 
tionary system. 

Fifth — As to the expense of ropes per ton of goods 
conveyed. 

I shall therefore state generally the reasons for our 
conclusions on each of these points. 



^HJPirst — As to the power of the loco-motive Engines. i 

\ >■ I 

We have calculated them at 10 horses, including the 
power for moving their own weight, which employs 
nearly the exertion of one horse's strength when going at 
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followed by an inclination in the opposite direction, in 
which its work was 7i horses; upon a level of about a 
mile, where the way was very much out of repair, it did 
nearly 11 horses. The Engine was, I think, travelling 
beyond its average speed, as is usually the case when ex- 
periments are being made ; but even at this last work it 
would only carry 16 tons of goods at 10 miles per hour. 
The Engine was stated to be of 8 horses' power, exclusive 
of its own weight, say gross power 9 horses, and I believe 
this to be what it is fairly capable of doing. 

Mr. Sinclair's detail of an experiment with the new 
Engine upon the Bolton way, when with IS chaldron 
waggons, each about 73 cwt. it travelled for Ij- mile at 
8-,^ miles per hour upon a rise of 1 in 432, makes the 
power to have been upon that occasion nearly 84 horses. 
Were this to be taken as the work which the engine is 
capable of continuing, it would (see note U.) take 41 tons 
of goods upon the Liverpool way at 10 miles per hour; 
but no one estimates the power of the engii^e at 24 horses, 
so it is impossible to calculate upon the above as a basis 
for your work. In the same letter Mr. Sinclair states, 
that the engine usually takes 7 or 8 waggons, ^^ that num- 
ber being most convenient," at 6 miles per hour: taking 
eight as the number, this would (see note V.) be the work 
of an 11-horse Engine, and upon your way is equal to 15j- 
tons of goods at 10 miles per hour, which I apprehended 
to be the practical^ fairy every-day work of the Engine, 
and all beyond this is of value only to show how much the 
Engine can do, just as a horse may be made, for a short 
space, to do twice the work he is capable of continuing 
without injury. As there is no /ocib-ifp safety-valve to 
this Engine, and as the valve is fixed down while the En- 
gine is in motion, it was, I presume, impossible to ascer- 
tain the strength of the steam at the time of the experi- 
ment to which 1 have referred. 
• Mr. Robert Stephenson has reported to us an experi- 
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ment with Hackworth's Engine, which I prefer, because 
that Engine has a safety-valve, which, although not quite 
out of the power of the Engine-man, is stated by Mr. S. 
to have been at liberty at the time. 

It appears by this experiment, that the Engine took 
48? tons of goods 9500 yards, upon a rise of 10 feet in a 
mile, and returned down, being equal to 5000 yards upon 
a level, at the rate of 11 yV miles per hour, and that the 
steam was blowing off when the experiment concluded. 

1 state the preceding as it has been given to us — Hack- 
worth's Engine is undoubtedly the most powerful that has 
yet been made, as the amount of the tons conveyed by it, 
compared with the other Engines, proves: — the boiler is 
longer, wilh a returued or double flue; there are six 
wheels, and the weight is increased nearly in the propor- 
tion of the power. Mr. Stephenson's report states the 
consumption of coals to have been lAlbs. per ton per mile, 
which is less than the average of former results, and pro- 
bably the steam may have been lowered during the experi- 
ment, which being for so short a time (about a quarter of 
an hour) is not better evidence than the regular work of 
the Engine which has been detailed, — and as the Engine- 
men are paid per ton for the work they do with the Com- 
pany's Engines, there is reason to conclude that they work 
them to the best advantage. 

I have reasoned upon the Engines generally in their 
present state, but it is proper to say that improvcmenta 
have, since my survey in 1824, been made in them, and 
that the attention at present bestowed upon the subject 
will in all probability still do much for them. The En- 
gine made by Mr. Rastrick is different from that by Mr. 
Hackwortb in the form of the flue and otherwise; Mr. 
Stephenson's is different from both, and every new Engine 
be makes, differs in some respects from the one preceding 
it. — Since 1824 the diameter of the wheels has been in- 
U'eased, wrought iron tire substituted for cast, sprin; 
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safety-valves have been introduced, and the Engine itself 
is supported upon a spring carriage. I think all these 
decided and great improvements, and in estimating the 
question generally it is fair to anticipate others. It is true 
that improvements in the stationary system may also be 
expected, but not, I should say, to the same extent. 

From the account of work by the Hetton Engines we 
find that they are doing less than the others, owing, as we 
have calculated, to the rise in one part of their journey 
being too great for their advantageous application. By 
the detail (see note W.) it will be seen that the work of 
those Engines is upon the Liverpool way equal to only 
10 tons of goods at lO'miles per hour. 

The slope of the Middleton road is well adapted for 
loco-motive Engines, descending loaded and ascending 
empty the average fall being 1 in 440, which makes the 
load in each direction very nearly the same. Mr. Blen- 
kinsop rates his Engine at 6 horses, and by calculation we 
find that the work done while in motion, with 30 waggons, 
is 6i horses descending and 6-iV horses ascending. 

Upon the whole, therefore, I am satisfied that the work 
we have stated for the Engines is as great as ought fairly 
to be calculated upon, — and I have gone the more into 
detail that you might be in possession of the principal 
facts upon which our calculations are founded* 

I think it unnecessary to say more respecting the slip- 
ping of the wheels, than that it does not appear to form 
any ground of objection upon your line, when the weight 
to be taken is considered. The liability to slip is much 
lessened by the introduction of spring carriages for the 
Engines. By an experiment we made upon a very irre- 
gular part of the Killingworth line it wks satisfactorily 
proved, that with 48 tons of goods and waggons there was 
ho slipping. 




SecoDd — As to the consumption of fuel by toco-motive Camomp- 

This article is so cheap in most placea where loco-motive 
Engines arc in use, that it is not customary to keep any 
accurate accounts of it, and the objections to a short ex- 
periment are evident. 

I The average of the experiments made at Hel- 
ton and Killingworth in January, 1895, 
gave for one ton of goods conveyed 1 uiile 
upon a level at 4^ miles per hour S.lSlbs. 
Mr, Blenkinsop's account at first made the 
quantity about 4 lbs., but an explanation 
since, confirmed by the statement of the 
Engine-man, reduces the consumption to., 3.70 „ 
The Hetton account of the present Engines, 
reduced to a level at about 4 miles per hour, 
is upwards of 3.00 „ 

The Hetton account of the Engines when 

upon the line near Sunderland is 2.00 „ 

»Mr. R. Stephenson's report of the experiment 
upon the Darlington line, already referred 
to, at 11 miles per hour 1.60 „ 
But the account most to be depended upon from the 
length of time, and the accuracy with which, from its ob- 
ject, we may suppose it was kept, is that which has been 
furnished to us by Mr. Storey, Surveyor of the Darlington 
and Stockton line. The Company's view was to ascertain, 
without the knowledge of the Engine-men, the actual 
consumption of fuel, in the use of which (knowing that 
the raen pay, as was before remarked, for the coals they 
I burn) we may reasonably infer that they study eco- 

t appears that 298 tons of coals were used by the four 
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Engines during the months of May and June, 1837, and 
that the work done in that time was equal to 249,839 tons 
of coal conveyed one mile upon the way. This is equal 
to 3.16 lbs. of coal per ton per mile, but as the coal was 
also employed to bring back the empty waggons, it became 
necessary to reduce the inclination to a level, and to sup» 
pose the Engines to have done work in both directions, 
which we did, and the result gave 2.8 lbs. of coals per ton 
of goods per mile. These quantities do not include the 
fuel required for heating the water at the water stations, 
and generally it is coal of a quality superior to that -which 
will be used upon the Liverpool road, but the quantity is 
nearly six times what is necessary for a fixed Engine of 
the same power. As however the improvements in Mr. 
Rastrick's and Mr. Hackworth's boilers, to which I have 
already referred, will cause a saving of fuel, and as Mr. 
Stephenson's attention is at present directed to the same 
important subject, we may confidently expect that a re- 
duction of expense on this point will be effected. We 
therefore fixed upon 2| lbs. per mile (which may be equal 
to about 8 lbs. of Newcastle coal), and our calculations 
are formed upon this standard. 



Annual Third — As to the annual cost of loco-motive Engines. 

cost of 



Loco-mo- 
tiyes. 



Any difference of opinion on this point is likely to be 
confined to the quantum of repair ; for as to the original 
cost and men's wages in working them there can be but 
little ground for speculation. On the other heads we 
have formed our own judgment, and we find tltat the de- 
tails furnished by Mr. Wood of Hetton and by Mr. Blen- 
kinsop, are both above our estimate ; but in this, as in other 
points, experience will induce a saving. I may instance 
the use of wrought-iron tire, as well as the great difference 
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ui the qwditj of tkk Betml : one tet of tire luid worn o«l 
ui tern wedLS upon tk Dmrlipgtoa wmy, wUle upon tlie 
KfllugwcHik the Engine witk wUck our experiments 
were nrnde, luid a tire wUdi bad been twelve months in 
nae^ and the eSoct was scarcely perceptible* 

We bave snpposed tbat of m Engines Jb« may be con- 
sidefed as always at work and tbe sixtb nnder repair, 
wbicb I do not tbink is by any means overstating tbe 
number necessary. 



Fourtb— As to tbeyHcliM qftl^ ropes in tbe sUtionary |^5^ ^ 
system* 

Upon this we bad some difficulty in obtaining satisfac- 
tory data. Tbe friction of a wheel carriage upon a Rail* 
road we bave taken at ri^ of its weight ; but in tbe present 
case the number of sheaves to be moved compared with 
tbe weight, the irregular surface of the rope, its rigidity 
or stiffness in winding upon the barrels, and the friction 
of the drums themselves, make the aggregate of resist- 
ance much greater. 

If tbe rope be taken at per yard 4 lbs. 

A second length of rope upon the drums will 

bealso 4 „ 

The drums themselves will be equal to. •.••••• 8.6 „ 
And the pulleys to. ....•••• 4 „ 

Making the total weight per yard. • . • • 14.6 lbs. 

If the friction therefore be taken at ^It of ^^® ^^^^ ^^ 
motion, it will be about Vr of the weight of rope, taking 
the rope in one direction only or at 4 lbs* per yard 
(180x4-^14.6=50.) 

The results upon the Brunt on and Shields way are very 
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different from each other — In some the estimated power 
of the Engine is not sufficient to take the load independent 
of the rope, while in others it leaves a large surplus : — 
where the former is the case, it is evident that the En- 
^ne's power has been nnder^rated, which we found it 
generally to be on this line. In two of the planes where 
empty wagons are taken by gravity, we found (see note 
X.) the friction of the rope, as nearly as possible, ^ of its 
weight. These, I think, good data. 

Mr. R. Stephenson has reported an experiment upon 
the Darlington road, by which the friction was -^ of the 
weight. This was also with the empty descending 
waggons. 

Mr. Thompson's own idea is much under any of the 
above results. 

I think that -^ of the weight of the rope, in one direc- 
tion, may be taken for its friction, and that of the drums, 
sheaves, &c. ; and if to this be added tH of the other length 
of the rope, the result will not be fitr from the truth, and 
the strength of the Engines is calculated to be quite equal 
to this. 



Cost of Fifth — As to the cost of ropes. 

Ropes. 

This being a most important item in the fixed system 
has occupied much of our attention, affecting as it does 
very materially the relative economy of the two systems. 
It will be seen by reference to the annual charge that 
Topes alone amount to upwards of £11,000 per annum, or 
about one-third of the whole expense. 

Upon this subject experience of course is the only 
guide, and Mr. Thompson's experience is by far the 
greatest upon the reciprocating system. Prom an account 
kept by him, apparently with great accuracy of detail. 
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" the mean averag^e coat of ropes has been found to be 
tU^ of a penny," or ^l of a penny nearly. The declination 
of the way being; in the direction of the loaded waggons, 
and there being in some cases no tail-rope, are both fa- 
vourable to this line as compared with a horizontal road ; 
but as here the waggons are drawn back empty, the cost 
per ton of goods, as compared with the Liverpool and 
Manchester line, is increased. 

Mr. Story reported to ua, that the ropes upon the Brus- 
selton inclined planes cost, hy an account kept by him, 
one farthing per ton upon all the coal conveyed over 
them. We have by calculation reduced this to a horizon- 
tal surface, and find that it would be ^J^^, or under ^ of a 
penny per ton of goods per mile, exclusive of the wear of 
tail-rope. (See note Y.) 

The reciprocating system being applied on the lower 
part of the Hetton road, Mr. Wood has informed us, that 
301,800 tons of coal were conveyed over a distance of 2^ 
miles for an expense of £780 in ropes. By reducing this 
to a level, and to suit our case, we find the cost to be tVV of 
a penny per ton per mile, which very much exceeds either 
of the former results. We believe the Coal company pay 
a price per ton to the rope-maker upon the quantity of 
goods conveyed. 

After fully considering this important subject, in all its 
bearings, we fixed upon ^i-^ of a penny per ton of goods 
per mile, dividing it into rfo for the head-rope and rfs for 
the tail-rope. 



In a matter of so great consequence I have thought it 

proper to be thus particular, at the risk of being tedious ; 

and having now discussed what you very properly call the 

^L " primary object," I proceed to the investigation of the 

^^ other subjects referred to in your instructions to us. 




^^t contt 



tion, towards it, wbile in the meantime the two otli 
ropes belonging to the same Engine will be going out as 
tail-ropes to the two trains that are moving in each direc- 
tion from it. The journey from Liverpool to Manches- 
ter will thus be made in three hours and a half with both 
gooda and passengers. As the stations are a mile and a 
half apart, the greatest distance to a station can never 
exceed three quarters of a mile. 

If the switches or tongues of the rails be made with 
springs, they will act without any interference or care 
from the attendants being necessary. This will remove 
in a great degree the evil of crossings, and there being 
two barrels over each line of way, the motion of the En- 
gine need never be changed. 

As the mechanism of this is not easily expressed so as to 
be intelligible either in words or by a drawing, 1 have 
ordered a model to be made, which will, I think, answer 
the purpose better. 

The crossing of roads upon the level of the Railway is 
more objectionable with the stationary than with the loco- 
motive system. Had the plan been tixed before the 
levels were formed, this might probably have in many 
instances been avoided, by making more of the crossings 
over or sinking them under the level of the Railway, and 
with some it may not be too late even now. Mr. Locke 
has reported to us thirty roads (chiefly for accommodation) 
upon the level of the Railway in the whole line. 

By the Engines working with what are technically 
called yn'c (ion clutches, or with yric(io« drums (by which, 
in case of stoppage, the Engine goes on without carrying 
the rope-drum along with it), by having careful men to 
accompany the trains with powerful brakes, by connect- 
Ibe head and tail ropes together under the train, by a 
contrivance instantly to disengage the train from the 
rope, and by proper signals of approach, any chance of 
accident to persons or cattle crossing would be very much 
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; but as the loco-motive Engines can be backed, 
and the waggons consequently stopped more expedi- 
tiously, they are so far safer in this respect. 



You inquire particularly as to the "comparative t 
' of Hie two modes." 



7/ety t 



As a general answer I should say that the stationary is 
the safer, chiefly from the loco-motives being necessarily 
high pressure Engines, and accompanying the goods or 
passengers upon the way. I see no reason for changing 
the opinion 1 gave you in 1824 of the impropriety of fix- 
ing down the safety-valve, without having a lock-up valve 
out of the Engine-man's power. Within the last year 
two accidents occurred upon the Darlington way, in each 
of which a life was lost, and in both cases the safety-valve 
was fixed down. The Darlington Engines have since 
had additional spring safety-valves attached to them, by 
which the danger is much diminished j and Mr. Rastrick 
has to his Engine fitted an ingenious spring safety-valve, 
completely beyond the reach of the workman, which will, 
I doubt not, answer an excellent purpose. In your case, 
they would be indispensable, for any accident at the out- 
set, attended with loss of life or limb, would seriously 
prejudice the concern with the public. 

All the accidents that I have heard of have happened 
through the fire-tube bursting, and the steam blowing 
out the fire-bars, the hot water, &c. at the fire-door. 
Should you adopt the loco-motive system, the fire-tube 
should be returned in the boiler, as in Hackworth's En- 
gine, so that the fire-place be in the end of the boiler, 
farther from the train. By these and the other means 
commonly in use, and by the careful and frequent exami- 
nation of the tubes, I think there could be but little dan- 
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;oing at ilifferent speeds, or in case of any stoppage or 
accident upon either of the main lines. 

Upon the consideration of the question in every 
point of view, taking the two lines of road as now 
forming, and having reference to economy, despatch, 
safety and convenience, our opinion is, that if it be 
^^^ resolved to make the Liverpool and Manchester Rail- 
^^B way complete at once, so as to accommodate the traffic 
^B stated in your instructions, or a quantity approach- 
^^B ing to it, the stationary reciprocating system is the 
^^p best; but that if any circumstances should induce 
^^P you to proceed by degrees and to proportion the 
^^B power of conveyance to the demand, then we recom- 
^^B mend loco-motive Engines upon the line generally, 
and two fixed Engines upon Rainkill and Sutton 
planes, to draw up the loco-motive Engines, as well 
as the goods and carriages. 
Should the latter plan be adopted, you would of course 
only order such a number of Engines as you might see 
occasion for, both on account of saving expense, and to 
enable you to take advantage of the improvements which 
might be made; with a view to encourage which, and to 
draw the attention of Engine-makers to the subject, some- 
thing in the way of a. premium, or an assurance of pre- 
ference, might be held out to the person whose Engine 
should, upon experience, be found to answer the best, 
The Rainhill Engines would at the same time enable you 
to judge of the comparative advantages of the two sys- 
tems, and if upon any occasion tlie trade should get be- 
yond the supply of loco-motives, the horse might form a 
temporary substitute. 



About three miles of the Brunton and Shields way are riorse 
wrought by horses, the expense of which Mr. Thompson 
finds to be equal to ^^-^v of a penny per ton of goods per 
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mile upon a level road, and my calculation makes it yVo ^^ 
a penny ; but this is at the animal's best speed, or about 
S| miles per hour. 

The Darlington company pay a halfpenny per ton of 
coal per mile, for the horse hire and driver ; consequently, 
they pay lOd. for every ton of coal that is led to Stockton, 
a distance of 20 miles, but this also includes the bringing 
back of the empty waggons. The loco-motive Engine- 
men find coals, oil, tallow, hemp, oil for the waggons, 
and their firemen or assistants, for |d. per ton per mile. 
Now if finding and repairing the Engines be estimated 
at id, (which appeared to be the opinion of the company's 
agents), there is a saving of f of a penny per ton per mile, 
by the loco-motive Engines, under this head ; but I ap- 
prehend that the damage to the rails upon the Darlington 
is greater than the expense of repairing the horse-track, 
and that the horse labour would be as cheap to this com- 
pany. This, however (like the calculation for the Brun- 
ton way above), is taking the horse at his most advan- 
tageous speed. 

At an increased speed the muscular exertion is so great 
that the efiect of the horse is much reduced, and the ex- 
pense is so much increased, that if at 2f miles per hour the 
cost per ton per mile be taken at yV? of ^ penny, it cannot 
at the speed of 6 miles, be taken at less than three times 
that amount, or l^d, and at 10 miles per hour, at not less 
than 3d. per ton per mile. (See Note Z.) 

Horse power for heavy goods at high speeds is therefore 
quite out of the question for a traffic such as you expect, 
while exclusive of the friction of the rope and drums, the 
stationary Engine costs the same price per ton of good^ 
and waggons per mile at all practicable speeds, and the 
loco-motive varies from this only so far as its own weight 
forms a part of the load. If in one day the loco-motive 
be so loaded as to have performed a full day's work, and 
have travelled only 33 miles, and if on another day it has 
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moved over 66 miles, twice the quantity of power will Kave 
been employed to overcome the Engine^s own flriclion on 
the second day that was on the first. The power exerted 
in every instant of time to overcome the friction being 
proportional to the space passed over, the Engine will, at 
a great speed, have less of her power to apply to goods* 
Thus, if an 8-horse Engine at 3i miles per hour take 41i 
tons, it will at the rate of 8 miles take only 13^ tons ; 
but as it will travel a greater distance at the rate of 8 
miles, the expense per ton per mile is by no means propor* 
tional to the decrease of load. The expense per ^on per 
mile being at 3i miles per hour equal to 3, that at 8 miles 
is about 4. 

I have thought it proper to say thus much, to give a 
general idea of the laws of the two steam systems and of 
animal labour. 



The only remaining question respects the Liverpool Lltarpool 
Tunnel, the system for working which will be the same, 
whatever be the plan for the other part of the line, with 
this difference only, that with the stationary principle 
throughout the line, the Engines that work the plane in 
the Tunnel will require an addition of power to draw the 
waggons for H mile towards the TunneL If the loco- 
motives be unfit for the Rainhill and Sutton planes, they 
are of course more so for this Tunnel. 1 apprehend there 
can be no difference of opinion as to the kind of power to 
be employed here. We recommend two 60'horffe Rn« 
gines, the speed 10 miles per hour, the gravity of the 
ducemdmg waggons being used to assist the mcending. 
CSee Note A. 2.) 
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Ground re- In conclusion, I beg to add, that when so g^eat a 
^" ' trade as 50 tons of goods and waggons despatched every 
ten minutes is contemplated, the Company would do well 
to embrace any opportunity that may offer for giving 
them an ample space of ground, particularly at the top 
and bottom of the Liverpool Tunnel, where they appear 
at present much confined. A considerable area will be 
required for the waggons to prevent any delay in starting 
from the two extreme points, and upon this much of 
the desired punctuality and despatch must necessarily 
depend. 

I am. Gentlemen, 



Your most obedient Servant, 



J. WALKER. 



Lime'Housey London, 

7 th March, 1829. 



NOTES OF REFERENCE 



TO 



THE FOREGOING REPORT. 



Note A. I^oad of Loco-motive Engine. 

Horses* power for calcniation of Engines, 33,000 lbs. per minute, or 
150 lb«. raised 8W feet per minute, or at 2} miles per hour ^ there- 
fore 160 -f- 4 =37.5 lbs. sshorse^s power at 10 miles per hour, or 
375 lbs. for 10 horses, equal to friction of 30 tons (taking friction 
at tVv ^ weight), say then 30 tons. 

Deduct weight of Engine, Tender and Water lOi „ 

Leaves for goods and waggons 194 iom%» 

Or 13 tons of goods, and 6i tons of waggons. 



Note B. Estimate of Repairs, &c. of Loco-motive Engine. 

A Tube and Chimney-breast every three years, or annually £18 10 

Occasional repairs to Boilers 3 

New Chimney each year, and deduct old 7 10 

Set of Chimney-bars every two months 6 

Axles and Brasses, one set annually 10 

Wheels 36 

Tendei; Carriage and Tank 2 10 

SmallRepairs 12 

89 10 

Add one-fifth for spare Engine 17 18 

Total £107 8 
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Note C. Coal for each Loco-motive Engine. 

A lO-borse Engine will take 13 tons of goods 10 miles per hour, and 
will go between Liverpool and Manchester three times each day — 
30 X 3 = 90 miles per day, and 13 X 90= 1170 tons of goods 1 mile 
per day by each Engine. 1170 tons of goods at 2i lbs. of coal per ton 
per mile = 2925 lbs. of coal per day, and 2926 X 312 = 912,600 lbs. 
per year =380^ tons, or say 382 tons of coal for each loco-motive 
Engine per year. 



Note D. Account of Working Expenses. 

Engine-man*s Wages, at 2l8. per week £54 12 

Boy to assist 26 

Coal (Note C.) 382 tons at 58. 10d« (price given ns) Ill 8 4 

Grease, Oil, Hemp, &c 12 

Totol £204 4 



Note E. Loco-motive Engines for Rainhill and Sutton inclined planes, 

at 10 miles per hour. 

lO-horse Engine upon these planes can draw lOi tons at 10 miles per 

hour (by text of Report). 
13 tons of goods = 19i tons of goods and waggons. 
If lOi tons, weight of one Engine and Tender require, . lO-horse power. 
Another Engine without tank or water carriage. Si tons, 

will require 8 horses ^ 

And in the same proportion, 19i tons of goods and car- 

riages will require 18i horses. 

Total power 36i horses. 



Note F. Loco-motive Engines for Rainhill and Sutton, at five miles 

per hour. 

Horse*s power at 5 miles = 1 50 -;- 2 = 75 lbs., or for 10 horses, 750 lbs. 
Deduct gravity and friction of carriage 375 „ 

Leaves applicable to load 375 lbs. 

375 lbs. -r 35.77 lbs (resistance of one ton by text) gives gross 10) tons. 

Or goods only 7^ tons. 
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Note G. Iioco-motiTe Engine on level at eight miles per hour* 

Horse power at 8 miles = 150 X Si -7- 8 = 47 lbs., or for 10 horses, 
470 lbs. 

Then 470 H- Idjf (resistance of one ton) gives 37.6 tons. 

Deduct Engine, &c 10.6 ,, 

Leaves goods and waggons • • • 27.1 tons. 

Or goods 18 tons, and waggons 9 tons. 



Note 6 2. Time of Loco-motive Engine on inclined Planes. 

S7 + lOi + 8i = 46 tons = weight of load and two 10-horse Engines 

(Notes 6. & E). 
35.77 X 46 =1645 lbs.=total resistance to SO horses. 
1645 -7- 20 = 82 lbs.=: exertion for each horse. 
82 lbs. : 150 lbs. : : 2i miles : 4i miles per hour. 



Note H. Fixed Engines for Rainhill and Sutton. 

52 tons or 116,480 lbs. -7- 96, the rise of the plane, gives for 

gravity 1213 lbs. 

Add 116,4801b8.-M80, for friction 647 „ 

Together 1860 lbs. 

Frietionofrope = ^of its weight, or of 10,560 lbs 480 „ 

Gravity of rope =r-^ of its weight ••• 110 „ 

2450lb8. 

2450 Ibs.-f- 31 lbs. (power of horse at 12 miles) = 80 horses, or allow- 
ing for surplus power, say 2 Engines each 50 horses* power. 

Note L Expense of Fixed Engines upon Rainhill and Sutton. 

Two ^horse Engines for Rainhill, at £1500 each £3000 

Machinery and drum-barrels • 300 

Engine-house and chimney 600 

Engine-man's dwelling 100 

Reservoir or well for water 100 

Polieys, No. 330 for each line, or 660 for the two lines at 

i68 495 

£4595 
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Interest on £4595 at 5 per cent X*280 13 6 

General depreciation at li per cent 69 

Boilers, say 3 to last 12 years, difference of value £24 per 
ton=£480 to be expended at the end of 12 years, equal 

to an annual expense of 13 4 

Fire bars annually 5 

Repairs to Engine and Machinery 35 

Oil, Tallow, Hemp, &c 20 

Wear and tear of Pulleys 25 o 

Coals equal to 80 horses working 12 hours 
per day, allow 15 lbs. of small coal per 
horse per hour, which gives for 312 days 
1872 tons, at 28. 6d. (price given to us) ... . £234 
Add coal for raising steam, 377 tons at 28. 6d. 47 2 6 

281 2 6 

Wages as follow : — 

Engine-man £54 12 

Fireman 39 

Brakeman 39 

132 12 

Men to grease sheaves, one man to both planes, say for 

each plane 19 10 

Oil, 150 gallons at 28. 6d. 18 15 

848 17 
Similar Engine and expense for the other plane 848 17 

1697 14 
Ropes ) 4 ropes for these two inclines, each 

2640 yards long, 5i inches circumference = 

4 lbs. to one yard, each rope therefore 94 cwt 

1 qr. 4 lbs. and the 4 ropes 18 tons 17 cwt. 

16 lbs. which at £42 per ton (being £51 less 

£9 for old ropes), gives £792 

Interest upon ^792 capital at 5 per cent .... £S9 12 
Annual expense of ropes being for 4000 tons 

passed 8 miles daily for 812 days at-r^ of ft 

penny per ton per mile upon a level, and 

adding for slope of 1 in 96, being nearly 

three times the wear upon a level 3276 

3315 12 

Making total £S01B 6 
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x^u» K. Expease of Water SkatioM. 

A two-bone power Engine to endi slatioB i^MO 

PwBps, kettle mnd madiinery 100 

Eagine-hoase and ciitera 150 

Cottage for mm 00 

Wdlorpond ftO 

^500 

Interest and depreciation on iP500 at 6i per cent £4M 

Wearof boiler and bars greaae,&c 6 

Coal for Engine, kettle, &C.— 50 tons at Sa. 6d. 6 6 

Engine-man • •••.. •• 39 

£9i 6 
10 Stations at JMU 6s. eacb, £9fUL lOs, 



Note L. Power of Stationary Engines, 

Friction of 5S tons = 116,480 lbs. -M80s 647 lbs. 

Friction of ropes, sheaves and drums = ^ of weight, say of 

3,400 lbs. (being weight of H mile of Si inch rope), equal to 166 lbs. 
Friction of rope upon barrel • IS lbs. 

816 lbs. 

Power of horse at 12 miles = 160 x 24-^ 12 s= 31 lbs. then, 
815-7- 31 = 26 horses, or say, allowing for spare strength, 
30 horses. 



Note M. Expense of Fixed Engines at Manchester end. 

Two 12-hor8e Engines, each ^500 4^1000 

Machinery and drum-barrels • • 200 

Engine-house and chimney ...•••; • . 400 

Dwelling-house 75 

Well and pump, or pool for water 60 

^1726 
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Note N. Expense of Fixed Engines upon H mile stages. 

Two 30.horse Engines, each ^1200 £24^0 

Machinery, drums, &c 400 

Engine-house and chimney 500 

Dwelling-house 100 

Well or pool for water 100 

dfasoo 

Fifteen Engines at ^3500 = ^52,600. 



Note O. Expense of Fixed Engines for middle of the 2 miles 

level, and at the foot of each plane. 

Two 20-horse Engines, each £900 £1800 

Machinery and drums 300 

Engine-house and chimney 450 

Dwelling-house . ,. • 75 

Well or pond 85 

^2710 
Three Engines at j^2710::s=^8I30. 



Note P. Expense of Fixed Engines to Work Planes. 

Two 60-horse Engines, each ^1800 ^3600 

Machinery, drums, &c 500 

Engine-house and chimney 700 

Dwelling-house 100 

Well and pond 100 

of* 5000 



Two Engines at ^5000=de'10,000. 
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NotrQ. BrtinMteofltepairaltWwkiogMpeBKiorSUtionmrfBDginn. 
Repair to boiler* of Engiaei for the power of 1S&4 bonea, 

taken ID the proportion of^lSL U. to 100 borM* ^178 14 9 

Fire ban taken in like proportion at £&. 87 U 

Bepain to EDgioea and Machinery, at Ti. fiw one borae'i 

power iTS ]s 

Oil, Tallow, Hemp, kc, at 4i. for one horse's power .... S70 IQ 
Coal in proportion to fonner estimate for lOO-barie En. 

g:iiie=^18.72 torn per hone, orSA,SU-^^ tons per aonnm, 

ezclusiTeof coal for raiBingsteam(Nole8,) atSs.6d. , SISS 7 t 
Hen required u follows: — 



Eagine.me 
Bankmen.. 
Brakemen 
Assistants , 



i| 


\i 


_ 


ii 


t 




•^ 


^ 


J 


— 



, 2 30 6 4 1 - 
.X 30 6 4 « = 



.0 16 8 « 1 = 81 „ 39 = 



o oil pallefR, at £S9 . ■ 

0910 19 

Oil, 30 miles at SO gallons per mile^^l&OO gallons at ta. Qd. 187 10 



£U,U7 15 8 



Note R. Capital and Interest npon Rope, 

of 3i-inch rope at l)lb. per yoril, is 104 tons, 

. Sqra. 14lbB.atf&l per ton for new ^£336 10 S 

Less dfs per ton for old 941 16 8 



Interest on £4iS95 at 6 per cent — £il9 IS 0. 



NoTB 8. Bundrj Expenjes and Charges of SUtionary system, 
30 crossing* by iron pipes, capital AOO at fi per cent ....£16 
Coal each morniag for raising steam, S8 lbs. per horse per 

day for 1364 horses for 31S days 618 9 8 

Wear of pulley*, in proportion of ^86 for 3 mile* S60 

Interest upon duplicates, say 1364borses atifl ■-d?1354. 67 14 

Rape*,capitiilBsBboTe(noteR)..^6336 16 S 

For planes per loco-motive estimate 961 14 8 

6898 10 II at 5 per ct.— 314 18 

Interest npon signals, ^660 at 6 per sent. 87 10 

f IWl 4 8 
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Note T. Work of Darlington Loco-motiYe Engines reduced to a level 
surface, the rise of this way averaging 1 in 246. 

Hackworth*s Engine. 

This Engine*s draught, as stated in the text, is equal to the following 
upon a level surface : — 



Si 

5 miles. 
Goods 46.75 


tmmer. 

8 miles. 
25.00 
12.50 
16.50 


10 miles. 

17.75 

8.80 

16.50 


Winter. 

5 nUles. 8 miles, 
39.90 21.00 
19.80 10.20 
16.60 16.50 


lOiti. 
14.30 


Waggons 23.10 

Engiae and Tender. 16.50 


7.20 
16.50 


Tons.. 86.85 


54.00 


43.05 


76.20 


47.70 


38.00 


5 miles. 
Goods 84.66 


Smaller Engines. 
tmmer. 

8 miles. 10 miles. 

18.66 13.88 

9.88 6.66 

12.00 12.00 


Winter 

m 

5 miles. 8 miles. 
28.76 15.00 
14.50 7.50 
12.00 12.00 


10m. 
10.33 


Waggons 17il3 

Engine and Tender. 12.00 


6.20 
12.00 


Tons. .64.00 


40.00 


82.00 


55.25 


34.50 


27.53 





NoteU. Experiment with Loco-motive Engine upon Bolton Railway, 

reported by Mr. Sinclair. 

Cwt. Llw. 

Weight of one waggon . .80 
Weight of its load 42 96 



72 96»8160 lbs.X 13 waggons= 106,080 lbs. 



Add Engine —lO tons, 13 cwt 23»866 



»> 



Mass moved 129,936 lbs. 

129,936 lbs. -r- 180 = 722 lbs. -= friction. 
129,936 lbs. -i- 432 — 301 lbs. = gravity. 

1023 lbs. 

Frtet. of 1 Ton. 

1023 lbs.X 8.8 miles « 902.44 lbs. -i- 12.5 lbs. =72.2 tons. 

Deduct Engine. . . . 10.5 „ 

Gross 61.7 tons. 

Deduct i for waggons 20.5 „ 

Goods. . . .40.2 tons, or say 41 tons. 
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Note V. Bolton Loco-motiye Engine, with 8 waggons^t 6 miles per hoifr. 

By note U. above, one load gross as 8160 lbs. which 

X 8 waggons = • 65,280 lbs. 

Add Engine 83,866 lbs. 

Mass moved 89,136 lbs. 

89,136 lbs. H- 180 = 496 lbs. « friction. """ 

89,136 lbs. ^ 432 » 206 lbs. « gravity. 

701 lbs. -» resistance. 

Frlflt.oftTon. 

701 lbs.x6 miles-f-10 miles«:420 lbs.-r-12.5 lbs. « 33.6 tons 

Deduct Engine' 10.6 tons 

Gross.... 23 tons 
Deduct i for waggons 7.6 „ 

GKkkIs . . . .15.3 tons, or 16|^ tons 



Note W. Hetton Loco-motive Engines, by Mr. Wood*s Report. 

In 30.00 chains falls 14 ft. in. which is equal to 1 in 141 

72.45 „ 9„3i„ „ 1 in 614 



In 102.45 chains falls 23 ft. 3i i n. which is equal to Un287 

In summer takes down 16 waggons containing 848 cwt. of coal 

Add waggon 512 

Engine, &c 210 



n 

99 



.Together. .1670 cwt. 

20 journey s=: 51 miles per day, say 4i miles per hour for 12 hours, or, 

allowing for stoppages, 5 miles per hour. 
1670 cwt. = 175,840 lbs. -f- 180= 977 lbs. = friction. 
Deduct 175,840 „ -5-287=612 „ = gravity. 

Resistance descending 865 lbs. -f- 12^ = 29 tons, load down 

512+210=722cwt.=80,8641b8.-i-180==4491b8.=friction. 

Add 80,864 „ -a-287=282 „ =gravity. 

Resistance ascending 731 lbs. -f- 124=58itons,loadup 

87i tons. 
Divide by 2 for average or on level . .43| tons. 
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But as the rise on part of the road is not favourable, say the work on 

a level is 50i tons at 5 miles per hour. 

Upon this basis the work at dififerent speeds is as follows : — 

5 mUes, 8 miles. 10 miles. 

Goods 23i 14 9r7 

Waggons ....16t 7 4^% 

Engine lOi lOi lOb 

50i 314^ 26i 

Now 60b tons at 6 miles =3 loi tons at 2^ miles, and 101 -f- 12 = SyV 

horses* power. 



Note X. Friction of Rope on the Brunton and Shields Railway. 

By observation, seven empty waggons took down rope in 
3' 45" (ss 8tV miles per hour), which makes friction 88| lbs. 

Mr. Thompson says 8 waggons take it down in 3 minutes 
( SB lOi miles per hour), which gives friction 82 „ 

Average friction 85^ lbs. 

Weight of rope as 1861 lbs. -f- 85i =» 22, or say friction of rope, 

sheaves, barrel, brake, &c.sb ^ of weight of rope. 

KiUingworih, — 16 empty waggons descended Killingworth plane in 4 

minutes with 4i inch rope after them, of which the weight was 3096 

lbs. Inclination of plane 1 in 62^. This leaves for friction of rope, 
&c. 143ilb8., or say ^ of weight nearly. 



Note Y. Rope on Brusselton Plane. 

1851 yards — ^inclination 1 in 33i — ascended with load. 
825 yards— „ 1 in 30i— descended with load. 

Average taken at 1 in 33. w hich gives 69 lbs.=gra?ity of 1 ton. 

Tons. 

1851 X (69+ 12J) X 1.5—226,284? - , - 
825 X (69— 12i) X 1.5 = 69,919$ '^*^®**- 

825 X (69 + 12J) X .5 = 33,618? ^„ .„ 
1851 X (69— 12J) X .5- 52,292$ ^"P^^* 

382,113 -r 121 — 30.569 

30.569-^1760—17.37 
Deduct. • • . i = 5.79 

lL58,saylli 



Hi miles: 1 mile: : •25dy : .0243 of a penny. 




-"^^^^gl^HUvwpool and I 
& ^«BC T^ac^ ^ m mt^B^-mB- tip* «it» 3S 

^1 SHN^ . '-CHI ** 

wdL ^ 3i auis wiBL I^ 

5!LI#il«'^nR«i«4i»c^^<«i<rl<Mi 

«l 

i7| lMK^t«c«Ul «x:j^[Iiii i« b«raM<4 

Leaves 40 Imb , 

40 UHtf X 59.10 IImw lemtoaoe «l$4lb&. 

17^-r 17^sE3^UMK^ascaidi^miiddescettdiii$ 
wag50Bs..35x 1S.44== Uk^M 

GniTity ofrope»S^toBsx4SM».».. t^6 » 
FHGlk»ofrope»^of5itiMB-B 607.0 ^ 

atUlba. 
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